This study was conducted to determine the effects of ten weekly plyometric training on anaerobic power in judokas. 30 male judokas participated in the study and the subjects were divided into two groups as an experimental (15 male age = 21,40 ± 1,99) and control (15 male age = 21,53 ± 1,80) groups. Judo training programme was applied in both groups for 3 days / 90 minutes per week. Experimental and control group were made warm up exercises for 20 minutes. Both groups continued with the special preparatory period judo training program. After warm up exercises, experimental group judokas were made plyometric training consisting of 15 different movements for 20 minutes. Then they were allowed to continue the judo training. As the groups showed normal distribution, Paired Samples T-Test was applied for the significance between pre-test and post-test measurements of the groups. Independent Samples T-Test was used to analyze the difference between the test group and control group. The Independent Samples T-Test was used to analyze the difference between the experimental group and the control group. As a result of the plyometric training, when the pre-test and post-test differences of the physical measurement parameters for the experimental and control groups were compared, the mean values of back strength, anaerobic power and body fat percentage were found to be significant(p<0.05). However, there was no significance in the mean values of right hand grip strength, left hand grip strength, leg strength and flexibility(p>0.05).
Introduction
Physical suitability is required to produce a good performance on the Sport. In order to achieve high performance of sportive performance, physical and physiological structure must be appropriate specific to sports (Kalyon T. A. 1990) . In researches on strength; the relation with strength to sportive performance, the relation with strength to other motoric properties and the effect of the applied different strength training models on the strength development are seen. In strength trainings, plyometric exercises are the most commonly used training models in recent years.
The work capacity arising from the use of anaerobic energy transfer systems of skeletal muscles during supramaximal and maximal exercise is defined as "anaerobic capacity". The anaerobic work is a workload on the anaerobic threshold, which refers to the application of explosive power, and is a type of physical activity that is manifested by fatigue (Dé goutte, F., et.al., 2003) The concepts of anaerobic and aerobic are in fact interconnected and these concepts are developed through training. Only the aerobic capacity needs to be developed for the development of the anaerobic capacity (Jonathan M, Euan A. A., 1997) .
Judo is a way to gain physical strength, coordination and flexibility as well as mental aspects such as self-confidence, balance concentration (Karakoc, 2014-a) . Although the organism does not get enough oxygen, oxygen-free working capacity for which energy need continues is called anaerobic power (Dé goutte, F., et.al., 2003) Anaerobic power is defined as the ability to generate power at a certain distance in the shortest possible time (Jonathan M, Euan A.A., 1997) . The successful performance of the Judo is very important in anaerobic power. The judoist must be able to maintain a high level of intensity during the competition. At the same time, it is necessary that ideal performance can be maintained during the year. This situation is due to many factors. For this reason, it is important to develop the characteristics such as strength, aerobic power, anaerobic power, speed, flexibility, balance and coordination in addition to technical and tactical training with specific judo training.
This study is an experimental study to determine the effects of ten weekly plyometric training on anaerobic power of judokas. The involvement of judokas within the scope of the study is one of the aspects of this study that distinguishes it from other researches related to plyometric training.
Materials and Methods
30 male judokas were participated in the study and the subjects were divided into two groups as an experimental (15 male age = 21,40 ± 1,99) and control (15 male age = 21,53 ± 1,80) groups. A health board report of judokas was taken and a sportsman's license was issued. Research ethics committee approval has been granted.
Training schedule:
Two groups of volunteers were selected randomly, judo training programme was applied in both groups for 3 days and 90 minutes in a week. Experimental and control group were made warm up exercises for 20 minutes. Both groups continued with the special preparatory period judo training program. After warm up exercises, experimental group judokas were made plyometric training consisting of 15 different movements including 10 legs and 5 hand plyometric drills for 20 minutes, the control group judo training was continued. During the 10-weeks training period, for the first 4 weeks; 5 minutes of training and 15 minutes of rest, between 5and 7 weeks; 7.5 minutes of training and 12.5 minutes of rest and between 8 and 10 weeks;10 minutes of training and 10 minutes of rest were applied. Regular judo training was continued for the control group. In each training session, the experimental and control group trained for 90 minutes.
Measurements Protocols

Height:
Stadiometre (SECA Germany) was used for height measurements with 0.01m of accuracy degree in accordance with the measurement techniques (Gordon, 1988) .
Anthropometric measurements:
In order to collect descriptive information in our study, the years of birth of the subjects were asked by themselves and they were determined as years. Measurements of the subjects were taken with an anatomical stance, with sports clothes and without shoes, with a weighing accuracy of 0.1 kg. With a digital height gauge (SECA, Germany) in these weigher, the length dimension was recorded in cm, the body weight was recorded in kg (Gordon, 1988) .
Hand Grip Strength Measurement
The Holtain brand dynamometer is adjusted according to the subject's hand size, the subject tried to squeeze the dynamometer as much as possible without bending the elbow, the arm is straight and at an angle of 10-15 degrees from the shoulder. The best value was recorded after 4 attempts with both hands. The dynamometer was reset after every attempt, the best performance is taken into evaluation (Tamer, K., 2000) .
Leg Strength Measurement
In this study, "Takei" leg dynamometer measuring leg strength was used. Participants put their foot on the dynamometer table while the knees are in bent condition, hold their arms stretched, hold their knees bent at an angle of 130-140°, hold their back straight and the body bent slightly forward and pulls up the dynamometer grasped by their hands vertically by using their legs at a maximum rate. Relative leg strength = force / body weight (Ozer, 2001) .
Measuring Back Force (Back Dynamometer)
The test measures the strength of the subject's back muscles. Measurements of the subjects were made with a Back -D (Back Strength Dynamometer) back dynamometer, measuring between 0 -250 kg. The subjects were measured by using only the back muscles. They took their heads backward, standing on the dynamometer with the 90° twisted waist and their arms stretched while holding the effort arm. The measurement was repeated twice and the best result was recorded.
Wingate anaerobic power test
For the Wingate test protocol, a Monark 834 E (Swedish) bicycle ergometer with a scale was used. Before the test, subjects were weighed through an electronic scale. The bicycle saddle height was set separately for each subject. According to the implementation, about 2.50% (Wp), 5.00% (W5), 7.50% (W7.5) and 10.00% (W10) of the body weight of the subject was put on the scale of the bicycle. He was told that he could start the test by pressing the button that controls the scale whenever he wanted. When the subject felt ready, he pressed the button that controls the scale, dropped the weight on the scale and allowed the pedal to get weight, and from that moment he started pedaling with maximal effort for 30 seconds. The subject was spoken orally to motivated so that he could continue his performance with the start of the test. The test was terminated after completion of the period (Bar-Or, O. 1987) .
Flexibility Test
Flexibility measurements of the subjects were made by sitting and reaching test. Test was made with a table with measuring scale of 0-50 cm on the upper surface, which is 15 cm outside the surface on which the feet touch and with a length 35cm, width 45cm and height 32cm, top surface length 55cm, width 45cm. Measurements were shown to the subjects before measurements (Tamer, K., 2000) . Subjects were sitting barefoot while the knees were at full extension, the feet were open at shoulder width and were based on the test bench while measuring. Without bending the knees, leaning forward with the arms stretched, with the palms facing downwards, leaning forward along the measurement scale, pushing a 30cm long ruler forward slowly and without throwing and they were held for 1-2 sec in the maximum reaching position. The test was repeated twice and the highest result was recorded.
Body Fat Percentage
Skin fold thickness measurements were performed using a Holtain skin fold caliper applied at 10 g / sg mm. which applied 10 g pressure to 1 mm at each opening with error ± 2 mm. Participants' body fat ratio was measured by the values obtained from the Skinfold measurement from triceps, subsapula, suprailiac and abdominal areas. Yuhasz formula was used for this determination. The measurements were taken from the right side of the participants. In skin fold thickness measurements, the thickness of the subcutaneous fat layer between the index finger and the thumb was set to be light enough to leave muscle tissue. Caliper was held about 1 cm away from the fingers and the thickness of the subcutaneous fat layer held was read within 2-3 seconds of the caliper display and recorded in millimeters. Test-retest reliability coefficient and total measurement error of skin layer thickness were determined. Yuhasz formula was used to determine the fat percentage of subjects (Zorba, 1995) .
Data Analysis
Statistical analysis was performed using SPSS 16.0 software package. Frequency and percentage distributions, mean and standard deviation, standard errors are used as a Descriptive Statistics. Due to the fact that measurements of the groups showed normality and homogeneous distribution, Paired Samples T-Test was used for the significance between pre-test and post-test measurements. The Independent Samples T-Test was used to analyze the differences between the experimental group and the control group. The error level in this study was taken as p <0,05. The average age of Judo athletes in the experimental group was 21,40 ± 1,99 years, 176,00 ± 7,12 cm in height, and 71,26 ± 9,70 kg in average body weight. The average age of the Judo athletes in the control group was 21.53 ± 1.80 years, 177,13 ± 7,59 cm in height and 78,73 ± 17,90 kg. in average body weight. When the pre-test and post-test differences of the physical measurement parameters were compared for the experimental and control groups, mean values of back strength, anaerobic power and body fat percentage were found significant (p <0.05). However, there was no significant difference between right hand grip strength, left hand grip strength, leg strength and flexibility mean values (P> 0.05).
Findings
Discussion
In this study, the effects of ten weekly plyometric exercises on anaerobic power were investigated in judokas. The results of the study were participated in the study by comparing the pre and post test physical parameters of age, height, body weight, right hand and left hand grip strength, leg strength, back strength, anaerobic strength, flexibility and body fat percentage of judo athletes.
The average age of judo athletes in the experimental group was 21,40 ± 1,99 years and the average age of judo athletes in the control group was 21,53 ± 1,80 years. The average height values of the experimental group were 176,00 ± 7,12 cm and the average values of the control group were 177,13 ± 7,59 cm. Claessens et al. (1987) were determined that height of the world's top judokas was 1.75 m. the average weight was 79.45 kg and the average age was 25.3 years (Claessens et al., 1987) . Imamoğlu et al. (1999) searched a previous survey on judo male national team and found that the average height was 1.75 m, the average weight was 79.46 kg and the average age was 20.58 years when we look at the previous research, the average age of the experimental and control groups are close to each other (Imamoğlu et al., 1999) .
In this study, the average of pre-test for the experimental group's right hand grip strength was 43.89 ± 5.25 kg but the post test average was 47.50 ± 3.61 kg. The average of pre-test for the left hand grip strength was 42,13 ± 4,49 kg but the post test average was 43,41 ± 4,36 kg. In the control group, the average of pre-test for the right hand grip strength was 46.33 ± 8.23 kg, but the post test average was 46.98 ± 9.58 kg., The average of pre-test for the left hand grip strength was 47,06 ± 7,33 but the post test average was 45,94 ± 7,61 kg. Tutkun (1996) found a right hand grip strength of Judokas who studied at university was 50.71 ± 6.01 and a left hand grip strength was 47.20 ± 4,12 kg. In another study, a right hand grip strength of Judokas was found 40.70 ± 9.26 kg and the left hand grip strength was found 39.37 ± 9.07 kg (Karakoc, O., 2016) . Karakoc et al. (2015) found that the average of right hand grip strength of male judokas was 47.55 ± 7.40 and the average of left hand grip strength was 46.42 ± 7.67. Researches on judokas in the literature have found close values to each other. (Karakoc et al., 2015) It was mentioned in many studies that the grip strength was very effective in Judo. The grip strength is very important in Judo training because of the intense exercises and struggle to keep the judogi. Especially, the intensity, duration, frequency and extent of the training during the preparation period affect the performance levels of the athletes by the training model (Karakoc, O., 2014-b) .
In this study, the average pre-test for the experimental groups' leg strength was 117,46 ± 26,75 kg, but the post test average was 125,56 ± 24,18 kg. The average pre-test for the control groups' leg strength was 127,78 ± 46,30 kg but the post test average was 127,03 ± 41,46 kg. Franchini, E., et al., (2011) found that the average leg strength was 185.1 ± 25 kg in international judokas, the leg strength average was 166 ± 32.7 kg, in national judokas, the average leg strength in recreational judokas was 140 ± 36 kg (Franchini, E.,et.all.2011) .
For elite judokas, it is thought that the arm and leg circumferences were wide and therefore also very high in muscle strength (Sacripanti, 1989) . Fagerlund and Hakkinen (1991) determined in a study which was about the evaluation of the strength profiles of Finnish judokas and found that the average of leg strength in international judokas was 185.1± 25 kg, and the average of leg strength in national judokas was 166 ± 327.7 kg, for the recreational judokas, the average leg strength was 140 ± 36 kg. (Fagerlund and Hakkinen, 1991) .
In the study, the average of the back strength for the experimental group's pre test was 105,03 ± 17,87kg but the post test average was 120,40 ± 20,54kg. In the control group, the pre test average of the back strength was 113,86 ± 27,84 kg but the post test average was 117,60 ± 26,62 kg.
In the study of determining the relationship between body composition, anaerobic performance and back strength in under elite athletes, the average of back strength values were found 143.16 ± 27.44 (Aslan, C. S., et all.2011) . In anaother study that was about the effects of plyometric training, in the control group the pre test average of back strength was 109,37 ± 12,50 kg but the post test average was 111,25 ± 12,77 kg. In the experimental group, the pre-test average of the back strength was 115,25 ± 11,9 kg and the post test average was 126,08 ± 12,17 kg (Ates, M., & Atesoğlu, U., 2007) . Celenk, C., & Cumralıgil, B. (2005) compared some physical and physiological characteristics of team athletes and individual athletes, and determined the average back strength in judokas was 144,85 ± 12,85 (Celenk, C., & Cumralıgil, B. 2005) . Sbriccoli et al., (2007) were identified that the muscle power was at a high level and the aerobic capacities were quite good on the Italian olympic judokas. (Sbriccoli et al., 2007) . They also concluded that the upper extremity and arms are quite good conditionally in short-duration high-intensity charges with the characteristic feature of judo.
Plyometric studies have been combined to improve motion speed and force-power production. Plyometric training is now being used in many sport branches that require rapid force (Takahashi, R., 1992) .
Ates M. and Atesoğlu (2007), found that plyometric training positively affects upper and lower extremity strength values of athletes. Rubley et al., (2011) , were identified that plyometric exercises were improved the lower extremity explosive force levels on athletes.
Plyometric training is at the forefront of the training models that are commonly used to support strength development and increase strength in a short period of time. In addition, plyometric training contributes to the development of physical performance (Piirainen, J. M., et al., 2014) In this study, the average of the flexibility for the experimental group's pre test was 26.73 ± 7,09 cm, and the average of the post-test was 28,60 ± 7,17 cm. The average of the flexibility for the control group's pre test was 19.66 ± 10.80 cm, and the average of the post-test was 18.86 ± 10.72 cm. Krstulovic S. (2012) were grouped judo athletes as light, middle and heavyweight. In Judo performance tests, the average of flexibility test in lightweight athletes was 4.79 ± 1.23 cm, the average of the flexibility test in the middle-weight athletes was 5.28 ± 0.95 cm. and the average of the flexibility test in the heavyweight athletes was 5.41 ± 0.98 cm.
Flexibility is the ability of moving joints or joint series at wide angles. This is why flexibility is not only important for sporting success and performance, but also for prevention from injuries (Dogan A., Zorba E., 1991) .
Judo also needs a high level of flexibility in order for a lot of techniques to be done in wide range of angles and for the movement to be done properly.
In this study; according to the body fat percentage and standard deviation values of the subjects, the pre-test averages of the experimental group were found 11,06 ± 3,63% and the post test averages were found 9,03 ± 2,54%. The pre-test averages of the control group were 12,85 ± 5,10% and the post test results were 11,44 ± 4,58%. Farmosi, I. (1980) studied some motor performances of male judokas, the average of body fat percentage for judo team of Hungary were found 8.9 ± 0.8% for athletes under 70 kg and 14.0 ± 7.3% for athletes over 70 kg.
In the study of the physiological characteristics of elite judo athletes, Callister et al. (1991) found body fat percentage of the American senior judo group as 8.3 ± 1.0%.
In another study, after 8 weeks of submaximal aerobic exercise in young male subjects, body fat, percentage of body fat, body fat and lean body mass were reduced . (Daglioglu O, 2013) .
Rates of the body fat percentage in the studies we have given in the above literature is lower than the rates of the body fat percentage of this study. According to studies in the literature it is thought that the reason for this, the sporting age of the athletes is older and occurs more elite groups.
Muscle strength and strength in individual and team sports is determinant of successful performance. Coaches emphasize plyometric training one of the optimal training methods to improve strength, power and competition performance ( Little, A.D., et.,1996) .
Conclusion
In many studies in the literature, it is important that the development of motoric features with plyometric exercises is parallel to this study on judoist. As a result of the plyometric training, when the pre-test and post-test differences of the physical measurement parameters were compared for the experimental and control groups, average values of back strength, anaerobic power and body fat percentage were found significant (p <0.05).
In conclusion, it can be concluded that regular plyometric training improves the performances of judokas, and practice of plyometric training in addition to judo training is beneficial for sportive performance.
